
Section 4.10 CO2 BASE EMISSION RATES AND FUEL CONSUMPTION

4.10.1 Introduction

This section details the PC, LDT and MDT gasoline and diesel carbon dioxide (CO2)
base emission rates for the Unified Cycle (UC) and the Federal Test Procedure (FTP).
Additionally, this memorandum details a methodology to determine fuel consumption
from CO2 emissions. This fuel consumption is then utilized for the determination of lead
(Pb) and oxides of sulfur (SOx) emissions.

4.10.2 Gasoline PC, LDT and MDT CO2

The analysis was conducted on data from surveillance and UC research test projects that
included an FTP and a corresponding UC for each vehicle.   The surveillance test projects
included; 2S93C1, 2S95C1, and 2S97C1.  Surveillance Project 2S97C1 was in progress
during the analysis, so only data collected through March 11, 1999, were included.  The
research test projects included 2R9312, 2R9513, and 2R9811. Tests were also
prescreened to determine if there was a corresponding UC for every FTP.  Only baseline
exhaust emission results were used for the analysis.

The data were split into three vehicle class groups, including light duty cars, light duty
trucks, and medium duty vehicles.  Standard vehicle class definitions were used.

Vehicles were then split into their corresponding technology and model year groups.  The
technology and model year groups are similar to those used in Section 4.7. Four
technology groups were used including non-catalyst, carbureted, throttle body, and multi-
point fuel injected. The carbureted technology group includes carbureted vehicles with a
catalyst, while the non-catalyst carbureted equipped vehicles were assigned to the non-
catalyst technology group. 

Each technology group was further split into model year groups.  The non-catalyst group
contained only one model year group for vehicles less than or equal to the 1979 model
year.  The carbureted technology group includes model year group splits of 1975 to 1980,
1981 to 1985, and greater than or equal to 1986 model year.  The throttle body
technology group was split into three model year groups that included less than or equal
to 1980, 1981 to 1984, and greater than or equal to 1985 model year.  The fuel injection
technology group was split into four model year groups that included less than or equal to
1980, 1981 to 1985, 1986 to 1992, and greater than or equal to 1993 model year.
 
The mean exhaust emission rates for CO2 by vehicle class, technology group, and model
year group, are shown in Table 4.10-1.  The CO2 exhaust emission rates have been
determined for bags one, two and three of the FTP and for bags one and two of the UC.
For each vehicle class, technology group, and model year group combination, the ratio of
its CO2 bag emission rates to the corresponding PC vehicle class bag emission rates were
also determined. These ratios will be used to adjust the PC base emission rates (similar to



“ratio of the standards” adjustments) to be consistent with how EMFAC2000 handles
hydrocarbons (HC), carbon monoxide (CO) and oxides of nitrogen (NOx). Careful
examination of Table 4.10-1 shows that for several of the LDT and MDV
technology/model year groupings, insufficient data were available to determine
meaningful mean FTP and UC emissions. For these groups, staff used their judgment as
to the most appropriate ratio. Note, each Technology Group in Table 4.10-1 has a number
associated with it (in parenthesis). These numbers are used in conjunction with Table
4.10-2 to map to EMFAC2000 technology groups. The ratios are applied to each regime.

4.10.3 Gasoline PC, LDT and MDT Fuel Consumption

Fuel consumption will be determined and output in the BURDEN module only, with
units of gallons consumed per day. The determination can be simplified to the following
equation:

Gallons/day = (0.273*CO2 TPD +0.429*CO TPD + 0.866*HC TPD)*375 1         (4.10-1)

For a given calendar, class and technology group.

                                                          
1Methodology for Estimating Emissions from On-Road Motor Vehicles, Vol. VI, CARB, 1996 
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Table 4.10-2   EMFAC2000 Technology Groups

MAP_Grp Tech Grp Model Yr Description
10 1 <75 LDV no AIR
10 2 <75 LDV with AIR
10 3 75+ LDV noncatalyst
7 4 75-76 LDV OxCat with AIR
7 5 75-79 LDV OxCat no AIR
8 6 80+ LDV OxCat no AIR
7 7 77+ LDV OxCat with AIR
7 8 77-79 LDV TWC TBI/CARB
5 9 81-84 LDV TWC TBI/CARB 0.7 Nox
6 10 85+ LDV TWC TBI/CARB 0.7 Nox
4 11 77-80 LDV TWC MPFI
1 12 81-85 LDV TWC MPFI 0.7 NOx
2 13 86+ LDV TWC MPFI 0.7 NOx
5 14 81+ LDV TWC TBI/CARB 0.4 Nox
1 15 81+ LDV TWC MPFI 0.4 NOx
7 16 1980 LDV TWC TBI/CARB
6 17 93+ LDV TWC TBI/CARB .25 HC
3 18 93+ LDV TWC MPFI .25 HC
6 19 96+ LDV TWC TBI/CRB .25 OBD2
3 20 96+ LDV TWC MPFI .25HC OBD2
3 21 94-95 LDV TLEV MPFI .25HC
3 22 96+ LDV TLEV OBD2 GCL
3 23 96+ LDV LEV OBD2 GCL CBC AFC
3 24 96+ LDV

VV
ULEV OBD2 GCL CBC AFC

25 ALL ZEV
3 26 96+ LDT TWC MPFI OBD2 .7NOx
6 27 96+ LDT TWC TBI/CARB OBD2

4.10.4 Diesel PC, LDT and MDT CO2

MVEI7G did not have emissions estimates for CO2, nor fuel consumption, for light-duty vehicles.
To create CO2 BERs, 138 light-to-medium duty vehicles from CARB’s Surveillance data base
were analyzed. The fleet was comprised of 29 pre-1981 vehicles, 89 1981-1983 vehicles, and 20
1984-1985 vehicles. There were an insufficient number of trucks to analyze separately, so the
vehicles were collapsed into one class for analysis. Although these data were collected in the early
1980s, staff believe that these results are valid for vehicles operating currently, since staff did
analyze the CO2 data and found no deterioration with age or odometer. Additionally, since these
data pre-date the LA92/UC cycle, it is assumed that the FTP and UC rates are equivalent (Table
4.10-3).



Table 4.10-3  - Diesel PC, LDT and MDT FTP/UC CO2 BERS (grams/mile)
  

                                                  BAG 1                       BAG 2                     BAG 3
CLASS                 MY            ZM              DR        ZM             DR        ZM             DR

4.10.5 Diesel PC, LDT and MDT Fuel Consumption

Due to the aforementioned uncertainties associated with the diesel CO2 BERs, a simplified
version of equation 4.10-1 is more:

22.2 lbs CO2/gal fuel, or2

(2) Gallons/day = (CO2 TPD)*90

For a given calendar, class and technology group.

                                                          
2 American Automobile Manufacturers Association, International Fuel Survey, Summer 1998 Los Angeles

PC DSL CO2 1965-74 392.430 0.000 455.100 0.000 375.130 0.000
1975-79 392.430 0.000 455.100 0.000 375.130 0.000
1980 392.430 0.000 455.100 0.000 375.130 0.000
1981-83 381.160 0.000 437.550 0.000 364.870 0.000
1984-85 345.720 0.000 397.840 0.000 329.880 0.000
1986 345.720 0.000 397.840 0.000 329.880 0.000
1987-95 345.720 0.000 397.840 0.000 329.880 0.000
1996+ 345.720 0.000 397.840 0.000 329.880 0.000

LDT DSL CO2 1965-74 392.430 0.000 455.100 0.000 375.130 0.000
1975-79 392.430 0.000 455.100 0.000 375.130 0.000
1980 392.430 0.000 455.100 0.000 375.130 0.000
1981-83 381.160 0.000 437.550 0.000 364.870 0.000
1984-85 345.720 0.000 397.840 0.000 329.880 0.000
1986 345.720 0.000 397.840 0.000 329.880 0.000
1987-95 345.720 0.000 397.840 0.000 329.880 0.000
1996+ 345.720 0.000 397.840 0.000 329.880 0.000

MDT DSL CO2 1965-74 392.430 0.000 455.100 0.000 375.130 0.000
1975-79 392.430 0.000 455.100 0.000 375.130 0.000
1980 392.430 0.000 455.100 0.000 375.130 0.000
1981-83 381.160 0.000 437.550 0.000 364.870 0.000
1984-85 345.720 0.000 397.840 0.000 329.880 0.000
1986 345.720 0.000 397.840 0.000 329.880 0.000
1987-95 345.720 0.000 397.840 0.000 329.880 0.000
1996+ 345.720 0.000 397.840 0.000 329.880 0.000



4.10.6 Pb and SOx Emissions

The Pb and SOx emissions are a function of the lead and sulfur content of the fuel, in combination
with the fuel consumption. This methodology is carried over from MVEI7G.3  Tables 4.10-4 and
4.10-5 give the Pb and SOx concentrations in the fuel:

TABLE 4.10-4  LEAD CONCENTRATION PER GALLON OF FUEL

CAL YEAR   GRAMS/GAL
1971               2.080
1972               1.959
1973               1.904
1974               1.956
1975               1.843
1979               1.120
1980               0.831
1981               0.697
1982               0.783
1983               0.738
1984               0.660
1985               0.332
1986               0.324
1987               0.260
1988               0.083
1991               0.080
1992+              0.000

                                                          
3 Methodology for Estimating Emissions from On-Road Motor Vehicles, Vol. VI, CARB, 1996



TABLE 4.10-5  SOx CONCENTRATION IN PPM BY WEIGHT

CAL.        STATEWIDE SCAB
YEAR LEADED UNLEADED DIESEL LEADED UNLEADED DIESEL
1975 610 380 2650 610 380 2650
1976 620 290 2340 620 290 2340
1978 350 190 3080 350 190 3080
1979 380 200 2850 380 200 2850
1980 330 210 2720 330 210 2720
1981 290 190 2800 290 190 2800
1982 310 210 2910 310 210 2910
1983 420 180 3150 420 180 3150
1984 360 250 3280 360 250 3280
1985 340 210 3000 340 210 1050
1986 400 220 3000 400 220 950
1987 400 220 3000 400 220 850
1988 400 220 3000 400 220 500
1989 400 220 3000 400 220 500
1990 400 220 3000 400 220 500
1991 151 151 3000 151 151 500
1992 151 151 3000 151 151 500
1993 151 151 500 151 151 500
1994 151 151 150 151 151 150
1995 151 151 140 151 151 130
1996-
2002

22 22 140 20 20 130

2003+ 15 15 130 20 20 130


	Gallons/day = (0.273*CO2 TPD +0.429*CO TPD + 0.866*HC TPD)*375 �         (4.10-1)
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